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INTRODUCTION

During the period between June 1986 and September
1986, the Aeronautical and Astronautical Engineering
Research Laboratory (AARL) at The Ohio State University
(0OSU) in Columbus, Ohio, conducted tests in the 6"X22"
Transonic Blowdown Wind Tunnel to determine the two-
dimensional lift, drag, and pitching moment coefficients for
three airfoils designated AMES HI-120, AMES LOW-12, and AMES
HI-8. These tests covered a Mach number range of 0.20 to
0.86, Reynolds numbers between 2x106 and 6X106, and angles
of attack between 0° and 13° as directed by the NASA Project
Engineer, Mr. Ray Hicks; each model was not run at every
condition. This work was performed under NASA Grant NAG-2-
401, Analysis of Two Advanced Transonic Airfoils.

MODEL DESCRIPTION

The models used in these tests were constructed of
aluminum power in an epoxy matrix, molded into the airfoil
configuration. These models were cast with the pressure
taps and internal tubing in place so that there are no dis-
ruptions of the finished surface caused by seams for
openings in the model. The models span the entire 6-inch
width of the wind tunnel with smoothly rounded fillets be-
tween the perpendicular surfaces of the airfoil and the
mounting blocks used to position the model inside the
tunnel. This design was chosen to eliminate any steps,
sharp edges, or corners which would disturb the smooth flow
of air as it approaches the model. The surface of each
model is finished with an enamel to produce as smooth a sur-
face as possible.

The 50 pressure taps distributed along the upper and
lower surfaces of the model in a chordwise direction are
connected by tubing which passes through the mounting blocks
to an externally mounted Scanivalve which operates through
guillotine cut-off valves. This arrangement allows for
pressure measurements to be taken when the tunnel conditions
have reached a steady state.

TUNNEL DESCRIPTION

Figure 1 shows a schematic representation of a blowdown
wind tunnel. For a detailed description of the AARL wind
tunnels and operating procedures, please refer to AIAA Paper
No. 78-1118, "Testing Techniques and Interference Evaluation
in the 0OSU Transonic Airfoil Facility", which is included
with this report as Appendix A.



TEST RESULTS

Data from these tests are presented in Tables I, II,
and III and summarized in plots, Figures 2 through 40.
Copies of the pressure distributions for each run, together
with a magnetic tape were forwarded to Mr. Hicks in
September 1986.

THE OSU AIRFOIL TEST FACILITIES
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Schematic of Two Dimensional Wind Tunnels

Features:
A low turbulence level facility with 6" x 22" test section

Near on-line data processing - hard copy printout and plots
available immediately after test

A high Reynolds number facility with 6" x 12" test section
Airfoil models are low cost, molded aluminum-epoxy with
graphite for strength; 4 inch to 6 inch chord with more
than 50 pressure taps.

Models caﬁlbe changed quickly between two facilities

Up to 40 test runs per day

FIGURE 1
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RUN c<LVMMARY

AvES I - €
IN &6 x 22

RUN
NLNMFER

ZEgl
cREZ
2p63
z8¢4
cEEE
c8¢é€
c8e?
cate
cleS
E8T ¢
€87
é8le
g1
z874
ée71e
€87¢
8717
Z87e
8gen
z8el
cepgz
cB8g3
c8ge4
cHEs
cBgée
eST¢
es77
2978
€976
29gr0
€SEl
€S8z
2984
€GB8t
c58e
2y87
cée?
€62t
céz6
g6217
c€ze
c63)

TUNNEL
#aCH REYNCLDS
MUMBEFR ANLWMEER
C.co c.09
0.20 2.,1¢
C.20 2,73
0021 20;9
Cecl 2.;3
c.21 2,=5
0,40 4ac3
00‘01 4.‘8
0,41 4,38
Ceél 4 .52
C.sl 4 .54
0.60 6.0€
C.60 €,.30
0,.€0 50"5
0.60 5.69
0.60 S,7¢€
0,61 S.e7
0.61 €.00
C,75 €., €2
0,75 S.e?
0.75 €,.57
0.80 S.48
0.80 S.4€
0.80 5,81
0,79 S.&5
0.70 €.18
0.70 S,¢6
0.70 S.¢8
.70 S, ee
.70 S.¢8
0.50 4,54
0.50 S,21
.50 €,=9
0.50 5,12
C.50 €.z¢
0.50 Se4z
0.60 5.5
0.60 6,04
0.60 €,03
0.6 Se.G€E
6,60 5,70
0.70 .71
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1,13¢ ,1328
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.03¢es
.0810
.1178
J01€es
.022%
0224
0224
€4 031z
1,316 ,0500
1.09z ,0311
1.04€ ,043¢
1,016 ,0534
0.622 ,0557
0.545 ,042]
0,54€ ,070n¢
0.544 0877
1,137 ,054¢
1,141 L0618
1.15¢ 0757
1,12 ,08)2
1.183 ,03%)
1,076 ,0135
1.,1€€¢ ,01e1
le264 .0240
1,285 ,0370
l.274 ,05P4
le24l 08172
0.5 0062
0.718 L0067
0,818 ,007S
0.527 _008¢
1,040 _0106
0,546 ,0119
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l RLN SUMMARY

AVES HI

Il IN € x 22

RUN

ANLMRER

c632
&34
263°<
£e3¢
c€27
€40
c€4}
b4z
642
c6ad
c64c
Zebe
2647
26 4¢
2646
26c0
265¢
€653
2654
26S%
z6&¢
2657
c€se
2ess
26eN
ceéz
c6el
c€ed
2¢es
2666
667
z6¢8
2€65
2elyg
6171
celz
2613
2elq4
celc
z61¢€

TUNNEL
vaCH REYNCLDS
AUMBER  NLWMEBER

0.70 5,19
.70 S.Fz
0.70 5.6

0,70 €.,e6
0.75 5.&.
6,75 5.77
.75 E,E€
0,77  S.4¢
C.77 %¢4S
Ce77 S.€¢€
0,78 S.k€
0.78 €.71
C.P0 E,¢4
0080 5043
.80 5,765
0.E0 S.e7
0.80 S,.,c&
0.82 5,47
0,82 $.39
0.82 5,41
C.B2 S5.39
.84 5,890
0,84 S.ce?
CeB4 5,75
0,83 5.¢2
0.83 5,41
0,83 5,73
6,83 5,75
Ce85 S¢S
¢,85 Se7¢
0«85 5.70
0,6s S5.g3
0.85 5,66
0«86 S,kE
0,8¢ €.¢2
0.73 $,74
0,73 S.cé
073 S.7¢
0e73 S.€e7
0073 50‘7
050 4.76
0+ 46 2,465
0.50 5.01
050 4,84
0.50 S.21
0.50 4. p8
050 5,41
0.50 ,c7
CeS0O 5,32
0.50 £.23
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TABLE I pg 2

CcL

0.784
1,0€5
1.175
0.€30
0,684
0.e78
1.02€
0.691
0.656
0,879
0.740
0.546€
0,547
0.6€2
0,7¢€
0.842
0,692
0,751
0.71¢
0,611
0.478
0,430
0.227

0 _EcEc

O = -~

0.64¢
0.747
0.E1c
0.EG3
0.,87¢
0.762
0,711
0.605
0,452
0,3¢4
0e 238
0,€¢l
0.80¢
0.5p%
1,081
1127
0,860
1,03%
0652
0,5eS
0.5€4
0,686
0, ,€p€
0.£0]
0.8p1
0.578

ch
wAKE

,0084
. 0209
,0337
L0070
. 0085
,0104
. 0521
NELD
L0245
L0120
,00S0
.00€0
L0078
L0162
.0210
L0317
. 0484
. 0356
,0259
.0161
L0144
.0182
L0149
0225
L0277
. 0446

0cz7
J0662

.0614

,0578

.0391

J0327
0270

.0216
02213
L0076
0053
S0le?
« 02585
L0480
.0110
« 0009
L0109
«0108
0065
. 0068
0072
0107

cv

-.1‘0
Ty
-e]48
~e140
-0153
-.165
-.151
'0178
-s186€
-.,1€6
'0172
-.1€0
-,174
-e171
o177
-.176
-.176
-.178
'olel
-,178
cell4
-.173
~e171
174
-.176
-e177
'0175
-e1178
-,189
-« 185

o183
~+180
=,174
-.1¢€8
-e177
-.145
-0 149
‘0157
-.159
-e1%3
=.115

J109
-0116
-,11¢
'-126
-.1z¢
-.125
- 124

~.lel

'0115




RUN SUMVMAR

AMES LCuk=-
IN 6 X Z2Z

RUN
NUMEER

2753
2754
275¢
27157
2758
2756
27¢0
27¢€1l
c762
2763
cT64
27¢¢<
27€6
€767
2768
27¢€S
eT70
€171
erve
2773
27174
egrrs
277¢
2171
cr7e
780
2781
c18e
€783
2rea
£78¢
278¢
187
2788
c78s
27590
£791
219z
€763
2754
€16¢<
£79¢
€798
275S

TABLE II

Y
le
TUMNEL

MACH REYNCLDS ALPHA

ANULVMBER N WMBER
0.60 6€.03
0.60 5,78
0,60 S.00
0.60 5.84
0.60 5,65
0.70 €,28
0.70 5,.e6
0.70 5.7
0.70 5.€9
0.70 S.,40
0,73 e33
C.73 5,328
0,73 S5.¢l
.73 5.7%
0,73 5.7¢
0,73 5.68
0,75 5,.,p8
0,75 §.¢e2
0,75 .72
0.75 5,72
.75 c.t1
0,78 .56
.78 S.6€
0.78 Ser€
0.78 5,27
.78 5.c1
0.78 S5.54
0.78 E.€4
0.80 5,87
0.80 5.2
0.80 S.€2
0.80 5.65
0,80 5.47
0.,R0O S.c.5
0.R2 5.0
0,83 S.41
0.82 5,617
0.82 S.8¢
0,82 5.,€S
0,84 5.9
0.R4 5.47
.84 S5.23
0.84 €. 08
0.84 5.72
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CL

0.266
0,615
0.737
0,457
0.386
0.406
0.54€
0,711
0.870
0‘272
0.271
0,271
0,417
0.5¢4
0,745
0,852
0.892
0,772
0,608
0,424
0.271
0.2€8
0.102
0.4€€
0.628
0.€34
0,750
0,805
0,668
0,652
0,608
0.483
0,26¢
0.088
0.101
0.23¢
0.358
0.510
0,554
0.501
0.540
0.44€
0,426
0 428

CcD
WAKE

L0062
,0084
L0104
,0075
L0069
,0068
0088
.0l44
0248
L0066
L0073
.NO074
L0071
.0l01
L0177
,0283
,0291
.0178
,0116
,0079
L0074
L0077
,0097
L0085
,0136
L0134
.0235
.0362
L,0439
0321
.,0227
L0116
,0120
,0284
L0434
,0327
.0215
,ozae
0445
.,0534
.0530
.035g
J0342
0331

Ccw

'0062
-.061
-.055
-,062
'0061
-.0€4
'0063
-,063
-0063
-,062
-.062
-,062
-0065
-, 065
-0069
-.,074
-0087
-,080
‘0070
-.067
'0061
-.061
-,047
'0072
-.083
‘-082
-.092
'0087
-,080
-0086
-.095
'0085
-.057
-0023
-.018
’0034
-.072
-0086
-.07€
-.065
-,058
'0069
-.060
‘0059



TABLE II pg 2
RUN SUNMMARY

AMES LCw- 1Z

IN 6 X 22 "~ TUMNEL

RUN MACH REYNCLDS ALPHA CL (o} q7
NUMEEFR ANLVMBERF NUMBER WAKE

r2:-1 0.84 5.67 1.0 0,313 ,0370 -.038
2801 0.84 S.€0 0.0 0.21e , 0207 -.026
€803 0.84 5.73 2.0 0.04% _0486 ~.033
2804 0.86 ©.,77 2,0 0,008 ,0560 -,015
z80% 0,86 5,71 =140 0.062 ,0684 0.004
Z80€¢ 0.86 5,64 0.0 0.13% ,0566 0,008
z807 0.86 6,.,4¢ 0.0 0,101 0534 0.023
2eoe 0.86 S,€7 0.0 0,136 ,0393 0,006
2809 c.86 5,8l 140 0.215 ,0407 0.004
2810 C.B6 5.7¢ 2.0 .280 ,0407 ~.,000
811 0.80 3.20 2.0 0.650 ,0353 ~4085
281z 0.86 S,21 3.0 0,431 ,0449 -,042
z8al4 0.,R6 5,82 4.0 0,462 ,0499 -,031




TABLE III
l RUN SUMMARY
AVES KI=-120
l IN 6 x 22 TUMNNFL
) RUN MACH REYANCLDS ALPRA CL cn
' ANUMEER ALMEEF ANUMPER WAKE
2453 0.60 5,¢€0 0.0 0.613 ,0069
' 2454 0,60 S.eé 1.0 0.7z5 ,0076
2455 C.60 5,87 2.0 0.817 ,00969
456k 0,60 .69 3.0 0.5z&8 ,0110
l 2457 0.60 5,43 4.0 1.01€ L0130
2458 0.€0 €, p7 4.0 1.0l ,0124
46N 6.70 5. 44 4,0 0.567 0483
Z4€3 0,70 5.6% 3.0 1.082 _02€5
' 2464 .70 5,63 2.0 0.5z ,0173
z4eS 0.70 5.€0 1.0 0.628 ,0113
c46€ n.70 S.E4 0.0 0,666 ,0073
l 24€7 0.70 5,p5 4.0 0.567 0475
2468 0.,7¢ 5,74 4,0 0,616 ,069¢
Z46S 0.75 .84 3,0 0.838 ,0S51
. 470 0,75 .62 2.0 0.8€€ _06436
2471 0.75 S.EZ 1.0 0.836 ,0198
247¢ 0.75 5,75 0.0 0,701 ,0135
z4732 0,78 5,.¢8 0.0 0.563 ,0251
' 2474 0.78 5.5¢ -1,0 0,505 ,0166
2476 .77 5.45 1.0 0.7 _0399
2417 0.77 5,.¢€4 2.0 0.72¢ ,0%5¢64
. z478 0.77 S.4% 3.0 0.604 ,0717
2486 0.80 5.64 0.0 0,503 .0392
487 .80 S.¢0 =1.0 0.4l _0269
248E 0.R0 E.84 1.0 0,578 ,0521
l 2486 0,80 S.¢e2 2.0 0.€48 ,0617
2450 0.82 5,48 2.0 0,615 ,0652
2491 0.8z 5.73 240 0.595 ,0639
l 2462 0.82 5,80 1.0 0.525 L0554
2463 0.82 5,713 0.0 0.420 ,0365
I 2495 0.85 .76 -1.0 0.2C4 ,0300
2457 C.83 5.¢1 0.0 0.408 _0360
2458 C.E3 5,58 1.0 0,456 ,05¢5
l 2500 0.86 4,55 2.0 0.041 ,0431
2501 0.8¢ 5,46 2,0 0,025 ,0331
S0z 0.8¢ Se42 1.0 0.183 _0327
l 2503 0.86 5,¢S -1.0 0.150 ,0320
2504 0.86 5,84 0.0 0.3zz ,0376
2505 0.RS 5,65 1.0 0,447 ,0443
gs06 0.85 5,66 2.0 0.535 0701
2508 0.85 5,65 3.0 0.624 0801
l 251¢ 0.RS 5.:6 4,0 0.708 ,08r¢




RUN SUMMARY

AVES KHI-120
IN 6 X 22

FUN
ANUMEER

2511
€512
2513
281¢
€817
281¢€
cu Yy
2820
2821
c827
2822
c8z4
28zt
282¢
c82R
282s
€830
c8l3l
cel3z
2B 3¢
283¢
2837
2838
2840
2841
€847
c843
c844
284%
c84e
28417
2R4p
2849
85S¢
851
28¢ce
2esa
2854
855
2856
c8t7
z28se
856
Z9kE
2989
990

TABLE III pg 2

REYNCLDS ALPRA

TUMNFL
MACH
AUVEER ANLWVEBER

0.R3 S.¢el
0.,&3 5,172
0.83 5.36
0.20 é,-7¢8
0,20 1,60
0.20 .72
CoecO 2611
0.21 2.29
.20 2.02
0.21 2.4
0,21 2.z8
0.21 2,35
0.21 2,38
0.40 4,10
0,61 4.0
0.41 4,28
0.41 4,26
0.41 4,85
0.41 4,24
0.41 4,823
0.€0 6,48
0.A1 5.63
0.€1 5,71
0.61 5.75
0.61 5.71¢
0,65 5,40
0,65 .34
0.65 €,25
.64 .71
0.65 Rk
0,65 4,62
.65 5,48
0,65 6.03
0,65 S.25
0.65 5.60
0.70 €,.1¢€
0.70 6,01
0.70 5,45
0,70 5,68
0,73 5,63
0.73 S.16
0.73 6,07
0.73 5.85
0.50 4,70
0.50 5.15
0,50 S5.¢1

2+0
3.0
4.0
0.0
240
2.0
LAY
€.0
8.0
10.0
11.0
12.0
13.0

0.0

20
4.0

it

-0 M N
o @ o o o
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nmnesLsonNnNWNO
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Moo o
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Ct

0,577
0,627
0.714
0.5¢F4
0,743
0,750
0eScE
1.057
1.164
l1.1¢6
lecle
1,242
1.167
0.58¢9
0.757
0,621
1.05¢
1,231
1.240
1.190
le122
1,234
1.29¢
1,322
1,450
1,24¢€

Clez3cZ

l.,223¢
0,€36
0,84¢
l1.125%
1.13¢
1,241
1.,16¢€
1.16¢
1,063
l1.01€%
0.5e3
1.054
0.7¢1
0.5€7
0.87¢
0.S20
0.5€1
0,571
1.051

Cv

-s1357
-e150
-3162
-.118
o114
-,117
=e]1UY
-,065
‘0083
-,055
.0058
-,0817
-0070
-.123
-.118
-.110
'olol
-, 083
-0063
~,064
-.108
-.101
'oloe
=-,096
'0092
~.,130
‘0129
-, 128
'0137
-.128
-0131
-.133
'olle
-.117
.olls
~,157
“eol40
~,136
-e158
-,170
-e175S
-.141
-.155
-0124
-0111
-0107



RUN SUMMARY

ANES HI=12(C
IN 6 X Z2Z

KUN
NLMEER

2991
299z
€992
€594
296t
25%¢
€997
£s9ge

TABLE III pg 3

TUNMNFL

MACKR REYACLDS ALPRA
ANULVMEER ANLNVEBER

0.50 5.66 6.0
0.50 5.5¢ 8,0
0.50 €.71 S.0
0.50 5.5 10.0
0.50 $5.80 3.0
0.73 4,64 0,0
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